The specificity of the DNA product of the RNA-dependent DNA polymerase found in C-type virions was analyzed by reciprocal hybridization with RNA from viruses of mouse, hamster, cat, and viper. These tests revealed a clear species specificity for the DNA product with no detectable interspecies hybridization.
The four viruses used were all obtained from chronicallyinfected tissue culture cells. The AKR strain of mouse leukemia virus was from a lymphosarcoma induced in rats with a recent isolate from AKR mice (Dr. Janet Hartley, National Institutes of Health). The hamster-specific helper virus, HaLV, has a complex history; it was isolated originally from a hamster tumor induced by the Gross pseudotype of the Moloney strain of murine-sarcoma virus (7) . This virus is antigenically distinct, in both envelope and group-specific properties, from mouse viruses; it shares antigens with a C-type virus of known hamster origin (6, 8) . For this reason we have considered HaLV to be a hamster virus, an assertion that could be further tested by examination of the polymerase products. The feline C-type virus, FeLV, was obtained from the FL-74 cell line (15) Supernatant fluids from chronically-infected cultures were clarified by centrifugation at 10,000 X g for 10 min, and the virus was then pelleted by centrifugation at 100,000 X g for 1 hr. Pellets were resuspended in 10 mM Tris buffer, pH 7.4, and centrifuged to equilibrium through 15-60% sucrose gradients. Viruses were localized by light scattering or measurement of radioactivity in cases where labeled RNA was desired. A second isopycnic centrifugation was employed when necessary for purification. 10 ,000 X g for 20 min, and the supernates were poured carefully into two volumes of an ethanol-sodium acetate mixture (9 parts of 95% ethanol + 1 part of 2 M sodium acetate). After the mixture stood overnight at -200 C, the RNA was collected by low-speed centrifugation, resuspended in 50 mM Tris buffer, pH 7.6, containing 0.1 M NaCl, and centrifuged through a 5-20% sucrose gradient prepared in the above suspending buffer. The sucrose was incubated with diethyl pyrocarbonate and boiled for 10 miii in a water bath before use. Centrifugation was in a Spinco SW-50 rotor at 40,000 rpm for 90 min. All four viruses contain an RNA species that sediments at about 70 S; only these fractions were collected and used for hybridization.
RNA-dependent DNA polymerase assays
The assay conditions were as described (5) In each of three repetitions under annealing conditions, the following results were obtained: A portion of the homologous DNA showed a clear shift in density toward the region of viral RNA. This is shown in Fig. 1.4 for the viper virus and in Fig. 1B for FeLV. The majority of the viper DNA was found coincident with viral RNA, some activity was found in an intermediate density position, and a portion of the DNA remained at the normal DNA density. This general pattern held for all of the homologous reactions, although with variations. In one experiment with FeLV (Fig. 1B) , the hybridized DNA all appeared in an intermediate density position with no activity completely coincident with the viral RNA marker (which itself was clearly delineated in all gradients). When the homologous DNAs were replaced with heterologous DNAs, no evidence of specific annealing was observed. This is clearly seen in Fig. 1 in the reciprocal experiments between FeLV and the viper C-type virus. The three species of mammalian C-type virus were also clearly distinguished by the RNA-DNA hybridization techniques. Representative data are shown in Fig. 2 for incubations of AKR RNA with AKR, HaLV, and FeLV DNA products. In this experiment, and in all reciprocal combinations, only the homologous reactants showed evidence of hybridization. In similar experiments using Rauscher virus (a laboratory strain of mouse virus) RNA, the same species specificity was upheld.
DISCUSSION
The data clearly show species specificity for the DNA product of the RNA-dependent DNA polymerase of C-type viruses. At present this cannot be interpreted too broadly in terms of overall genetic homology between the viruses tested, especially the mammalian viruses, since the extent of molecular hybridization obtained can vary greatly depending on experimental conditions (9) , and our conditions would be considered restrictive. Another important consideration relates to the proportion of the RNA genome represented in the DNA product. The product is known to be of relatively low molecular weight (5, 10, 12) and could represent a single sequence with a high degree of specificity for the initiating virus. With regard to intraspecies specificity, we now have clear evidence of cross-hybridization between the AKR, Rauscher, Kirsten, and Moloney strains of murine C-type virus, although in initial experiments Rauscher and AKR viruses appeared to be distinguishable (M. Hatanaka, unpublished data). Restriction of analyses to use of the single stranded DNA synthesized initially in the polymerase reaction and employment of conditions capable of resolving qualitative differences in hydridization (9) might, however, reveal differences of value in intraspecies sub-classification.
While we felt confident on the grounds of antigenic analysis (6, 8) that HaLV was not a mouse virus, the annealing data lend extremely strong support to this view since no crosshybridization was detected between either AKR or Rauscher viruses and HaLV. Biochemistry: Hatanaka et at.
Concerning the characteristics of the products of the annealing reaction, it is clear that great variability is obtained depending on the time of extraction of DNA and the size of the DNA product relative to RNA. Thus, late reaction mixtures yield nonhybridizable DNA, which presumably represents one strand of the double-stranded DNA formed during the polymerase reaction (2, 13) . DNA found coincident with viral RNA is apparently relatively small, as the majority of the DNA product appears to be (5, 10, 12) ; however, intermediate density complexes, as clearly seen in Fig. 1B , should represent complexes of closer relative size. Whether this means that DNA intermediates of extensive size are formed during the reaction remains to be demonstrated.
